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Determination of Free Urea in Ethyl Stearate
Adduct by X-Ray Diffraction
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» A method for the direct determina-
tion of free urea in urea adducts of
ethyl stearate by x-ray diffraction was
developed. Known amounts of the
vrea and vurea-free ethyl stearate
adducts were mixed as dry powders
and pressed into disks.  These disks
were reground and repressed until
random orientation was obtained.
The ratio of the height of the 4.0 A.
peak of free-urea to that of the 4.1 A
peak of the adduct was calculated by
statistical methods for each mixture
in the series. A graph of these ratios
plotted against the per cent free urea
was used as a standard curve for the
determination of free urea in un-
knowns. Ethyl stearate was chosen
only as a representative guest molecule
for this study. In principle, this method
should be applicable to any type of
inclusion compound when host and
adduct are crystalline solids.

INCE THE DISCOVERY of urea adducts
(Z) in 1940 by Bengen, they have
become the subject of much serious
work. One of the chief difficulties in
quantitative studies of the physical
properties of these adducts is the pres-
ence of free urea in unknown amounts.
Since the crystal structure of urea is
different from that of its adducts (5),
x-ray diffraction (3) can be used for
estimating the amount of free urea.
Herrmann (2) has used x-ray analysis
for assaying the amount of adduct from
the intensity of adduct diffraction
maxima, with reference to a specimen
presumed to be pure. This would be
insufficiently sensitive to determine
small quantities of free urea that would
interfere with studies of physical prop-
erties, since urea would have to be deter-
mined by difference.
We have developed a method for
direct determination of free urea from

the ratio of heights of a free urea maxi-
mum and an adduct maximum. In
order to develop the details of the pro-
cedure, known amounts of urea and
urea-free ethyl stearage adducts were
mixed as dry powders and pressed into
disks for x-ray examination.

EXPERIMENTAL

Preparation of Adduct. Following
method 2 of Swern (7) 1 gram of ester
was added to a solution of 5 grams of
urea in 20 ml. of absolute methanol and
3 ml. of isopropanol. The mixture was
heated until clear. The solution was
allowed to cool to room temperature
and the precipitate filtered off. The
precipitate was washed three times with
absolute methanol to dissolve any excess
urea and three times with benzene to
dissolve any excess ester. X-ray dif-
fraction indicated that this washing
procedure was adequate since 10-fold
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Figure 1. Diffracted height vs. 20

angle showing method of choosing base
lines

scale expansion revealed .no evidence
of uncomplexed materials.

Mixed Standard. A gravimetrically
prepared mixture was ground in a
ceramic mortar, mechanically mixed
with a stirring rod, and molded at 20
tons per sq. inch for 5 minutes.
After x-ray examination, the disk was

reground, remolded, and re-examined -

by x-ray. This regrinding and mold-
ing procedure was repeated seven
times for each ratio of excess urea to
adduct. Disks were kept in a des-
iccator when not in use.

X-Ray Technique. X-ray diffrac-
tion measurements were made with a
General Electric XRD-3 direct re-
cording diffractometer, using nickel-
filtered CuK« radiation (A = 1.5405 A.),
1° beam slit, 0.1° detector slit, medium
resolution Soller slit, 0.2° per minute
scanning speed, 12 inches per hour
chart speed, and 8-second time constant.

The heights of the diffraction maxima
were measured as counts per second at
the maximum minus counts per second
of a base line determined by the pro-
cedure shown in Figure 1. Results were
expressed . as the ratio of corrected
height of free-urea peak (4.0 A.) divided
by corrected height of adduct-peak
(4.1 A.). The region of interest (20°
to 23°, 2.6) was rescanned for 6 different
orientations of the sample disk, three
on each side randomly chosen.

RESULTS AND DISCUSSION

The 4.0 A. peak of free urea and the
4.1 A. peak of the adduct were chosen
for this study because they were very
intense, close together in 2 6 value, and
far enough removed from other diffrac-
tion maxima that their heights could be
measured without serious interference
from other maxima. The d-spacing of
the 4.1 A. peak of the adduct is inde-
pendent of the chain length of the guest
molecule. The base line was taken as
shown in Figure 1 because this method
is rapid and reproducible.

The first disk pressed for each stand-
ard showed markedly different intensity
ratios on opposite faces. Therefore,
each disk was reground and repressed
several times, x-ray measurements taken
after each pressing. The average over
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Figure 2. Relation between percentage of free urea and
ratio of height at free urea maximum to height at adduct

maximum

both sides of the disk also changed with
regrinding for the first three grindings.
However, a statistical analysis showed
that the intensity ratio did not signifi-
cantly vary from grinding 3 to grinding
7, and these were used in our calcula-
tions. This is similar to the experience
of Meakins with dielectric measure-
ments of pressed disks of mixed mate-
rials (4). Occasionally one of the
grindings between 3 and 7 showed an
average intensity ratio too far removed
from the mean of the other regrindings
and was omitted from the calculations.
This could have been caused by small
local concentrations of free urea oriented
to give a strong 4.0 A. reflection.

Our experience has been that -the
variation with regrinding was not ob-
served with unknown mixed samples ob-
tained by precipitation. Even the very
first pressing showed essentially the
same intensity ratio on each side of the
disk, and the overall average for the
disk did not vary significantly from
grinding to grinding. This implies
that regrinding and pressing seven times
should only be necessary for mechan-
ically mixed powders.

In Figure 2 the per cent free urea in
the adduct of ethyl stearate is plotted
against the average intensity ratio.
The horizontal lines shown in Figure 2
are the 959, confidence limits of each
average intensity ratio. The midpoint
of each line is the average of 30 ratios:
5 disks (grindings 3 through 7), 6
orientations per disk. The dashed
curves in Figure 2 represent 95%, con-
fidence limits, based on a pooled vari-
ance (6), obtained from

7
2 s?
i=1

7

where s;?is the variance of each average
intensity ratio. The curve is not linear
(8) because of the way the base line was

2.045

taken but seems to approach linearity
at higher values of free urea content.

In using this method a sample to be
analyzed should be reground and re-
pressed a few times as a means of
checking whether regrinding is neces-
sary to bring about random orientation.
The average of the intensity ratios of
those disks displaying random orienta-
tion is entered as the abscissa of the
graph and the corresponding per cent
free urea is read as the ordinate. Ex-
perience may later show that regrinding
of precipitated samples is unnecessary.

Ethyl stearate was chosen only as a
representative guest molecule for. this
study. In principle this method should
be applicable to any type of inclusion
compound where host and adduct are
crystalline solids.

ACKNOWLEDGMENT

The authors gratefully acknowledge
Joe N. Boyd of Biometrical Services
of Agricultural Research Service for
helpful suggestions concerning statis-
tical analysis.

LITERATURE CITED

(1) Bengen, F., German Patent Appl.
OZ 12438 (March 15, 1940); Technical
Oil Mission Translation Book 319, Reel
143, Frames 135-9, Library of Congress,
Washington 25, D. C. (1945).

(2) Herrmann, K. W., (To Proctor and
Gamble Co.) U. S. Patent 2,985,641
(May 23, 1961).

(3) Klug, H. P., Alexander, E’E., “X-Ray
Diffraction Procedures,”” Wiley, New
York, 1954. ’

(4) Meakins, R. J., Trans. Faraday Soc.
58, 1953 (1962).

(5) Smith, A. E.; Acta Cryst. 5, 224 (1952).

(6) Snedecor, . W, “Statistical
Methods,”” 5th ed. pp. 46, 87, Iowa
State College Press, Ames, Iowa, 1957.

(7) Swern, Daniel, Ind. Eng. Chem. 47,
216 {1955).

REcEIVED for review September 8, 1964.
Accepted November 30, 1964. Mention
of commercial products does not constitute
an endorsement by the United States
Department of Agriculture over others of a
similar nature not mentioned.



